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TOM TAT

May xét vo ca phé XV-1500 la loai may xat vo ca phé qua twoi kiéu ruld ngang hai tang,
nang sut 1500kg/h. Pay 1a loai may xat vo qua co cAu tao don gian, dé van hanh, bao tri va sira chita
nén dugc 4p dung kha phd bién cho cac co s ché bién ca phé c6 qui md vira va nhé & nude ta hién
nay. DBé giam thoi gian va kinh phi cho viéc thiét ké va ché tao may, ching t6i di xay dung mé hinh
toan qua trinh x4t vo dua trén co so tinh toan cin bang ning lwong cua ruld xat, tir d6 da xac dinh
duoc mot sb thong s6 vé cAu tao va ché do 1am viéc nham dinh huéng cho viéce thiét ké. Két qua tinh
toan dd xac dinh cac thong sd co ban cua by phan xat vo: duong kinh ruld xat D= 0,22m, chiéu dai
ruld xat L= 0,5 m, s6 hang vAu xat trén ruld xat z= 69 hang, s vau xat trén mot hang my= 26, khoang
cach giita cac vAu trén mot hang A=19,2mm, sé vong quay cua ruld xat n=800vg/ph va cong suat dong
co dién Ng.=1,1kW. C4c thong sé nghién ciru trén 1a co so dé thiét ké, ché tao may x4t vo ca phé kiéu
ruld ngang hai tang phuc vu san xuat.
Tir khoa: md hinh toan, may xat vo, ca phé, rulé ngang.

Nhgn bai: 15/03/2019  Hoan thanh phan bién: 29/03/2019 Chdp nhdn bai: 31/03/2019

1. MO PAU

May xét vo ca phé kiéu ruld ngang hai tang XV-1500, nang suat 1500kg/mé la loai may
x4t vo ca phé qua tuoi co két cau méi, gom c6 hai tang ruld xat hinh try nam ngang. Pay 1a loai
may Xat vo co niang suat va chat luong san pham khé cao, chi phi nudc va dién ning riéng thap,
c6 thé x4t duoc ca phé cd 16p vo day va cing (ca phé véi va ca phé mit) nén duoc ap dung kha
phé bién cho cac ho ndng dan dé so ché bao quan tam thoi khéi wong 16n ca phé sau thu hoach,
tranh gay théi hong (Khuyén va cs, 2001; Cuong, 2006; Cudng va cs, 2018).

Xét vo qua ca phé trong may xat vé XV-1500 la qua trinh co hoc phirc tap dién ra
trong by phan xat. Dudi tAc tac dung cua luc boc vo ciia cac vau xat khi ruld xat quay da gay
bién dang va xé rach 16p vé qua dong thoi kéo hat vé qua vao mang thu dé thuc hién viéc
phén ly vo qua va nhén hat theo hai ctra riéng (Cuorng, 2006). Viéc nghlen cuu xay dung mo
hinh toan biéu dlen qU| luat bién doi cac thong so trong qué trinh xat vo dé tim ra méi lién hé
giira cac thdng Vvé cau tao va ché do 1am viéc cia bo phan xat lam co s& cho viéc tinh toan thiét
ké, ché tao may nham giam thoi gian va kinh phi cho qué trinh nghién ciru thiét ké, ché tao va
thuc nghiém 1a rat can thiét.

Bai bao nay trinh bay két qua nghién ctu xay dung moé hinh toan qua trinh xat vo va
xéc dinh cac thong s6 co ban vé ciu tao va ché do 1am viéc caa may xat vo ca phé kiéu ruld
ngang hai ting XV-1500.
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2. NQI DUNG VA PHUONG PHAP NGHIEN CUU
2.1. Néi dung nghién ciu

Xay dung mo hinh két cau may xat vo ca phé.

Thiét lap phuong trinh can bang ning luong cia ruld xat.

Xac dinh céc thong s6 co ban cua may xét vo ca phé.

2.2. Phwong phap nghién ctru

Ap dung phuong phap mé hinh hoa dé xay dung mé hinh toan qué trinh xat vo, tir do
c6 thé xac dinh duoc mot sb thong sé vé ciu tao va ché do 1am viéc cua ruld xat nham dinh
huéng cho viéc thiét ké.

3. KET QUA VA THAO LUAN
3.1. Xay dwng md hinh két ciu may xat vé ca phé

May gém c6 céc bo phan chinh nhu sau:

B6 phan cung cip nguyén liéu va nuéc gdm phéu cip liéu, hai truc cudn va voi phun
nuéc ¢6 nhiém vu cung cap nguyén liéu va nude cho ruld xat. Bo phan xat gdm hai cap ruld
xéat-mang xat, dugc bd tri theo hai ting: cap ruld-mang xat trén va cip ruld-méang xat dudi.
Trén bé mit cac ruld c6 dap hang vau xat 16i cong hinh ludi liém dé méc, xé rach vo qua va
kéo vo qua tudt ra khoi nhan. Bo phan thu san pham gdm c¢6 1 mang thu nhan va 2 mang thu
v6 qua. Mang thu hdi nhan duoc 1ap ¢ day ruld xat dudi, con 2 mang thu vé qua, mot mang
duoc lap ¢ day cua ruld xat trén va mot mang duoc 1ap & day ruld xat dudi. Dau mang thu vo
qua c6 dudng gan 151 dé phan ly hat va vo qua theo hai cira riéng biét. Bo phan truyén dong
gom mot dong co dién truyén dong cho hai truc 1ap ruld bang dai thang va chuyén dong tir
truc lap ruld s& truyén cho hai truc cudn (Cudng, 2006).

14

a) b)
Hinh 1. So d6 nguyén 1y cdu tao may xat vo ca phé XV-1500.
a) Hinh 2D; b) Anh may xat vo ca phé
1- phé~u Cdp ligu; 2,5- truc cuén trén va dudi; 3,6- mdng xdt trén va dudi;
4- phéu chira nhan va qud chua diwot béc vé; 7- méng thu hat; 8- khung may; 9- dong co dién;
10,12- mang thu vé qua; 11,13- rulé xdt dudi va trén; 14- voi phun nudc.
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3.2. Thiét 1ap phwong trinh cin bang niing lweng cia ruld xat
’ Pé thiét 1ap phuong trinh cin bing ning luong cua ruld xéat can phai xac dinh van
toc quay cua ruld xat va luc xat vo, vi dy 1a hai yéu té quan trong nhat quyét dinh dén ning
suat, chat lugng san pham va chi phi nang lugng riéng.
3.2.1. Vdn téc quay cua ruld xat
Van tbc cua ruld xat cd anh huang truc tiép dén chat luong lam viéc cua bo phan xat
Vo qua va chi phl’rnéng luong cho ruld xét.’ Khi toc do quay cua ruld thap thi do sét vo tang,
nang suat may thap. Nguoc lai, khi tang toc do quay cua rul6 thi sé lam giérp dd sot nhung
lai tang QC) hu hong nhan (dap \{6 hoac bong vo trau) va téng chi phi céng’suét cho dong co.
Vi vay can phai xac dinh van toc quay cua ruld thich hop dé nang cao chat lugng san pham
va giam chi phi cong suat cho dong co (Cuong, 2006).
Dé x4c dinh van tdc quay cia ruld xat, trudc hét ta tinh cong dé boc vo mét qua ca phé:
A :m_vj @
"2
Trong do:
m - khdi lwong cua qua ca phé, g;
Vq - van toc cia qua, m/s.
Néu goi v Ia van tc‘?c dai cua ruld xat (hay viu xat), mdi quan hé giita van tc caa
qua Vq VGi van toc dai cua vau xat v theo cong thic:
Vq = V(1 + g)cosa 2
Trong do:
g- hé s6 phuc hdi cua vo qua thay déi theo d6 4m cua qua. Tri s6 €= 0,1 véi qua
tuoi va e= 0,2 vai qua kho.

a- goc gitra huéng van toc dai cia vau xat v va truc dai cua qua 1a dai luong bién

thién, khoang thay dbi cua géc nay tir 0 +g (hinh 2).

1
Do d6 ta co: A, :Em[v(l+ s)COSoc]2 3)
Suy ra van tc dai caa ruld xat:
ve—t Aoy (4)

(1+¢&)cosa V' m
Trong do:
Vin- Van toc téi han lam hu hong nhan hat.

Tri s6 A, duoc tinh bang tich sé cua lyuc tac dung 1én qua véi quang duong di chuyén
cua qua tir khi ¢ luc tac dung cho ti khi vo qua dugc béc hoan toan.

1255



'“féi;.“ -
4
Hinh 2. Vau xat tic d6ng vao qua.

3.2.2. Luc xat vo

1256

Goi P 1a lyc cua vau xat can thiét dé boc vo qua. Luc P dugc tinh theo cong thic:

P = Puxt Fms
Trong do :
Pux- luc thc dong cua VAu xat vao vo qua;
Fims- luc ma sat giita vo qua voi bé mat ruld xat.

®)

Ap dung phuong trinh dong luc hoc vé dong lwong va xung lugng cho qua trinh tac
dong cuia vau xat vao vo qua (v6i xung luong bang bién thién dong luong), ta co:

Pudt = d(mv)
Trong do:
m- khéi luong qua chiu tac dung cua luc Py
V- van toc cua vau xat tac dung vao qua;
t- thoi gian tac dung caa luc Py
Khi ruld xét 1am viéc binh thuong thi van tdc v khong doi nén:

Pudt = vdm
P, = vI™ _ym
dt

m’- lwong cung cap qua trong don vi thoi gian (lwgng cung cip riéng).

Theo V.P. Goriatkin, luc ma sat Frs ty 1€ véi luc P:
Frns =fP
Hé s6 ma sét f gitra qua va bé mat ruld xat duoc tinh theo cong thirc:

foa—b-
M

Trong do :
a, b- cac hang so phu thudc nguyén liéu, vao cau trdc ruld xat va mang xat;
M- khoi lugng ruld xat.

(6)

()

(8)

(9)

Tir cdng thic (9) ta thiy: néu m’ tang thi f giam. Két qua thi nghiém ctia V.P. Goriatskin
d6i véi mot sb loai ndng san dang hat va qua da xac dinh duoc trj s: f=0,1 + 0,35.

Thay cong thirc (7) va (8) vao cong thirc (5) ta c6 :
P =vm’ +fP
Tt d6 ta xac dinh duoc luc bc vo can thiét cua vau xat:

(10)
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m'v
P 1 ¢ (1)
3.2.3. Phurong trinh can bang nang lwong cua ruld xat

Phuong trinh co ban cta ruld xat dugc thanh lap trén co s¢ xac dinh chi phi nang
luong cho ruld trong qua trinh xat vo.

Ning lugng dong co truyén cho ruld dé thang nhitng luc can trong qué trinh 1am viéc.
Gia str A 1a cong chi phi dé ruld 1am viéc véi luong cung cap riéng q = m’(kg/s), cong do
duoc tinh theo cong thuec:

A=A+ A (12)

Trong do:

As- Cong dé khic phuc luc can do ma sat trong gdi d&, bo phan truyén dong va luc
can cua khong khi khi ruld quay,...

A,- Cong dé khic phuc luc can cua vat liéu trong qua trinh xat vo nhu: luc 1am bién
dang, xé rach vo qua va luc dé kéo vo vuot gan 16i vao mang thu vé qua. Luc can nay thay
dbi tiy theo co 1y tinh ctia qua va lugng cung cap.

Ta ki hiéu:

I- mOmen quan tinh cua ruld xat, kg.m?

o- van téc goc cua ruld xat, s™.

Khi bat dau chuyén dong chua cung cip nguyén liéu, dong co c6 cong suat N (ma
luc), s& chi phi mot phan cong dé khic phuc luc ma sat A; va lam cho ruld quay c6 gia toc,
tuc la:

75N = Mo + A; (13)
Trong do :
M- mémen cua ruld xat.
Vi M =192
dt
. do
nén: 75N = I(x)E+A1 (14)

Cong As la mot ham sé véi o. Ta co:
A1= 75N:= Ao + Bo?® (15)
Trong do:
A va B 1a nhitng hiang sb phu thudc vao ciu tao ring hodc vau cua ruld xat. Bdi voi
loai ruld bé tri ring hodc vau dang ban nguyét A= 0,3kGm; B= 48.10°kGm.s2.

Ning luong As 1am ruld chuyén dong cé gia toc la:

A, = Icoc(;—?=75N—Al (16)
Chinh nang lugng nay sé dugc dung vao viéc xat vo qua. Ta co:

Asdt = lodw (17)
Trong khoang thoi gian t ruld ting van toc tir g dén w, can co ning lugng 14 :

2 2
0, — 0,

At= j lodo = | (18)
oy

Néu ruld co van téc dau 1a o1 = 0 va van téc 1am viéc o, = o thi ta cé:
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0%
At= > (19)
Dai luong ndy goi 1 ning lugng ruld xat. Theo phuong trinh (16) va (19) ta thay,
ning lugng A; tang nhanh theo van téc w. Néu ta cho ruld quay khdng, o s& ting va A; ciing
s& tang, khi A; tang dén mic do bang 75N, ta co:

75N—A1:Iood—m:0 (20)
dt
Nhung mé men quan tinh I 13 hing s8, ® = @max, Nén chi co:
do
dt
Vay néu ruld quay khong, van téc o ciing chi ting dén omax va sau d6 quay véi van
téc khong doi.
Néu ruld lam viéc thi:
75N-A=0 VoI A= At A, 1)

2
Y 4 . T
Khi d6 van toc o = wn = const va nang lugng ruld xat la TH

Tabiét rang: As=Pv (22)
Thay tri s cua P tir cong thirc (21) vao (22) ta co:
'\ 2
mv
A =—— 23
5= f (23)
Theo cdng thirc (18), ta c6 :
'\ 2
A, = 75N, = I 32 - MV (24)
d 1-f

Phuong trinh (24) 1 phuong trinh ning luong cua ruld xat, thé hién su can bang gitra
cong nhan dwoc va cdng tiéu thy. Phuong trinh nay biéu didn mdi quan hé caa mot s tham sé
trong qué trinh xat vo. Tir phuong trinh nay, ta c6 thé xac dinh cac théng sb co ban vé cau tao
va ché d6 1am viéc cua may xat vo ca phé.

3.2.4. Cong sudt, van téc va dwong kinh gidi han cua ruld xat

Tir phuong trinh ning luong co ban cua ruld xat (24), ta ¢é thé suy ra nhiing két qua sau:
a. COng suat can thiét cia ruld xat:

Phuong trinh can bang cong sut:

2

75N = (Aw+Bw®) + —__ (25)
1-f)g
Tir d6, ta x4c dinh dugc cong suat can thiét dé dong co lam viéc:
2
Nzt (Aw+Bw? )+ |maluc (26)
75 (1-f)g

b. Van tc gidi han cua ruld xat

L < SR . . . do
Pdng co cung cap cong suat Ns dé rulb quay cd gia toc E .
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75N, _do

Theo phuong trinh (24), ta co: =
lo dt

(27)

d_(';) O phuong trinh (27) 1a gia toc cung cap tir dong co, no la ham s6 hypecbol doi

VGi o nhung gia tb¢ ndy bi triét tiéu trong qua trinh xat vo khi ruld xat quay déu.
Ciling theo phuong trinh (24), ta c6:
d mv? mR?
=0 = ® (28)
dt  lol-f) 10-F)

do TS , : .
’m & phuong trinh (28) 1a gia toc tiéu thy, nd phu thudc tuyén tinh doi véi w.

Van téc gac téi han om dugc xac dinh boi tir diéu kién can bang cong thic (27) va
(28) ting Vi toe dd goc wn va N dattrj sé N

dmax *

‘D2
TNy _ MR® )
lo,  10-T)

Tu day ta rat ra:

1-f 1 |75N 1-f
o = i) R/ ) a0

S6 vong quay téi han cua ruld xat 1a:

nth :ﬂ M ,Vg/ph (31)
R \I m

c¢. buong kinh gigi han caa ruld xat: ’
Tur phuong trinh (24), ta cé ty so:
m _75(1-f) 75.4(Q1-f) 300(1—f)
N_s_ Vi @D o?D?
D- duong kinh rul6 xat, m.

(32)

Tur cdng thirc (32) ta thdy, néu D ting thi ty sb E— giam. Vay dé ting khéi luong
3

cung cap riéng tng vai mdi don vi cong suat ta khong nén 1am ruld co duong kinh Ién qua.
3.3. X4c dinh cac thdng s6 co ban ciia may xat vé ca phé

Dua theo co cé ly thuyét cua qué trinh xat vé ca phé di trinh bay & trén, ta c6 thé xac
dinh cac thdng sb co ban cua may xat vo ca phé nhu sau:
3.3.1. Xdc dinh céc thong so co ban cua ruld xat
a. S6 luong Vau xat trén ruld xat

S6 vAu xat trén mot hang m duoc xac dinh tir cdng thirc tinh ning suét ly thuyét cua
may xat vo ca phé:

Q= 602 m,ny
Z¢- 56 hang Vau cling tac dong 1&n qua; m- s6 vau trén mot hang;
n- s6 vong quay cuaa ruld; y- khdi lwgng riéng cua mot qua ca phé.
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Q
60z, ny

Véi s hang vau xat cung tac dong lén qua zq= 1, s6 vong quay cua ruld xat n= 800
(vg/ph), ning suat Q= 1500kg/h va khdi luong riéng ciia mot qua ca phé y= 0,0012kg/qua, ta
xéac dinh dugc s6 Vau xat trén mot hang:

1500
m, = =
60.1.800.0,0012

b. Khoang cach giira cac vau xat trén mot hang A

Khoang céch gitra cac vAu xat trén mot hang A duoc xac dinh tir kich thudc cua qua
ca phé sao cho dam bao kéo vo ra khoi duong gan cia mang xat duoc dé dang va khong
cham vao nhau dé khong gay can tro 1dn nhau. Qua tham khao cic mau may dang sir dung
trong san xuat va kich thuéc trung binh caa nhitng qua ca phé Ién nhat ¢ nudc ta, ching toi
chon khoang cach giita cac vau xat trén mot hang 1a A= 19,2mm.
c. Kich thudc ruld xat

T dotaratra: m, =

26,04 Chon 1a my= 26 vau xat

VALz
Duong kinh rulé xat D dugc xac dinh theo céng thuc: D = ——
i

Trong do:
V- van toc dai caa vau xat trén ruld, m/s; z- s6 hang vau xat trén ruld xat;
At- khoang thoi gian tac dong boc vo qua giira hai hang vau xat lién tiép trén ruld xat, s;
Khoang thoi gian At duoc xac dinh theo céng thirc: At = z—g
2.3,14

69.83,73

Tur do ta xac dinh dugce duong kinh ruld xat la:

D 9,21.1,087.10°.69
- 3,14

Chon duong kinh rulé xat D = 0,22m.

Chiéu dai ruld xat L duoc tinh theo cong thirc: L=Am

Véi A= 19,2 mm va m= 26, ta c6: L=19,2.26 = 499,2 mm

Ta chon chiéu dai ruld xat L= 0,5m
3.3.2. Xdc dinh cong sudt can thiét cia dong co

May xat vo ca phé cd hai ruld xat dwoc nhan truyén dong tir mot dong co. Vi vay dé
xac dinh cng suat dong co can phai xac dinh cong suat can thiét trén timng truc cia ruld xat.
a. COng suat can thiét trén truc ruld xat thir nhat

Cong suat can thiét trén truc ruld xat thir nhat dwoc tinh theo cong thirc (26). Céac
thdng sb trong cong thirc nay duge xac dinh nhur sau:
nDn  3,14.0,22.800

Thay sé ta dugc: At = =1,087.10"%s

=0,2199m

Van téc cua ruld xat: v = =9,21(m/s)
60 60
Van tc goc caa ruld xat: o= v_ & = &Zl =83,73rad /s
R D 0,22

Luong cung cip qua vao ruld xat q duoc xac dinh theo ning suat cia may xat Q (kg/h):
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q=—— Q _ 1500 ——=0,416kg/s
3600 3600
Hé s6 ma sat giita qua ca phé va ruld xét thir nhét, f;= 0,3.
Thay céc gia trj trén vao cong thic (24) ta xac dinh dugc cdng suat can thiét trén truc
ruld xat tha nhat:

0,416.9,21°

(10—3)981 =0,41 ma luc (0,302kW)

N, = 7—15 (0,3.83,73+48.10°.83,73" ) +

b. COng suat can thiét trén truc ruld xat thir hai

Do ruld xat thir hai c6 cac thong s6 cau tao va sé vong quay giéng nhu ruld thir nhat
nén viéc tinh toan cong suét can thiét trén truc ruld th hai ciing tuong tu nhu ruld thir nht.
Tuy nhién do phan 16n lwong qua da dwoc boc vo khi qua ruld thi nhat va da loai ra ngoai
khoang 40% vé nén hdn hop nhan va qua chua dugc boc vo dua vao ruld the hai thuc té chi
con khoang 60%. Nhu vay, luong cung cap vao ruld thi hai la:

q'= 0,6q= 0,6.0,416= 0,25 kg/s

Mait khac, hdn hop nhan va qua chua dugc boc vo khi dua vao ruld thir hai c6 do
nhot cao nén hé sb ma st giam. Hé sé ma sat gitta qua ca phé va ruld xat thir nhat, f, = 0,1.

Khi d6, cong sudt can thiét trén tryc ruld thir hai dugc tinh nhu sau:

2
N, =—|(0,3.83,73+48.10°83 732)+M
B (1-0,1).9,81

Tong cong suat trén hai truc ruld xat la:
N = Nu+ N = 0,41 + 0,372 = 0,782 ma luc (0,576kW)
Cong suat can thiét cua dong co:

=0,372 mé luc (0,274kW)

Ndc = E
My
Nt - 1a hiéu suét truyén dong chung, n:= 0,8
Vay N, 005;6 =0,72kW

Chon dong co c6 cong sudt Ng.= 1,1kW, s6 vong quay 1500vg/ph
4. KET LUAN

D xay dung dugc md hinh toan biéu dién qui luat bién doi cua cac tham s6 trong qua
trinh x4t vo qua ca phé. Pay 1a co so ly thuyét quan trong dé xac dinh cac thdng sb co ban vé
cAu tao va ché do 1am viéc cua may xat vo ca phé kiéu ruld ngang hai tang.

Két qua tinh toan da xac dinh dugc cac théng sb co ban cia bo phan xét vo: dudng
kinh rul6 xat D = 0,22m, chiéu dai ruld xat L= 0,5m, sb hang vau xat trén ruld xat z=69 hang,
s6 vau xat trén mot hang my= 26, khoang cach glu’a cac vAu trén mot hang A=19,2mm, So
vong quay cua ruld xat n = 800 vg/ph va cong suat dong co dién Ng.=1,1kW. Céac thong sb
nghién ctru trén 1a co s& dé thiét ké, ché tao may xat vé ca phé kiéu ruld ngang hai ting phuc
VU S&n XUat.
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BUILDING CALCULATION MODEL OF HULLING PROCESS IN
COFFEE HUSK HULLING MACHINE TYPE TWO LAYERS
HORIZONTAL CYLINDER XV-1500

Khuyen Nhu Tran'", Cuong Chi Phung?, Hai Thanh Nguyen?, Thong Khac Nguyen?®
Vietnam National University of Agriculture; 2National Economics University;
SMinistry of Education and Training

*Contact email: khuyentrannhu@gmail.com

ABSTRACT

Coffee husk hulling machine XV-1500, which is used to hull coffee husk with capacity of
1,500 kg/hour, has two layers of cylinder. This machine has simple structure, easy to operate,
maintenance and repair. Hence, it is widely used by small and medium coffee factories in Vietnam. To
reduce time and costs for designing and manufacturing the machine, the hulling process has been
modeled by applying mathematical functions that based on theories of energy balance for peeling
cylinder. Some important parameters of structure and working mode have been determined to orient
the design and manufacture. Modeling result has determined basic parameters of hulling parts:
cylinder diameter D= 0,22 m, cylinder length L = 0,5 m, number of teeth on a row m, = 26, distance
between each tooth on a row A=19,2 mm, rotation number of hulling roller n = 800 rpm, electric motor
capacity Ng.=1,1 kW.

Key words: Mathematical model, coffee husk hulling machine, coffee, horizontal cylinder.
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